The infusion of 1.2 nig. phenoxybenzamine into the brachial artery of healthy adults was followed by a marked reduction in constrictor responses in the corresponding hands to infused levarterenol and to sympathetic stimuli.
T HE vasodilator effect of phenoxybenzamine (Dibenyline; Dibenzyline; N-N-dibenzylchloroethylamine hydrochloride) recently has been shown to depend considerably on purely peripheral actions of the drug in man. 1 ' 2 In addition it was found that the intra-arterial administration of phenoxybenzamine reduced or abolished constrictor responses to epinephrine in the hand. 2 The present investigation is a similar study of the effect of phenoxybenzamine on peripheral constrictor responses to levarterenol (noradrenjilinp, norepinephrine) in healthy adults.
METHODS
Peripheral circulatory effects of levarterenol and of phenoxybenzamine were studied in 11 healthy adults between the ages of 19 and 30 years. Changes in blood flow were measured in both hands by venous occlusion plethysmogrnphy under standard laboratory conditions. 3 In each experiment, constrictor responses to intra-arterial and to intravenous levarterenol were determined before and after infusing 1.2 mg. phenoxybenzamine into the brachial artery, according to the procedure detailed in the earlier study.
2
The mean vascular change produced by eacli infnsion of the drug was calculated by a method 4 
'
Bi 6 that made possible an assessment of both the relative and the net effects of the levarterenol and of the influence of phenoxybenzamine on these responses. artery was associated with a decrease in blood flow in the test right hand but with no change in mean flow in the control left hand. When, later, phenoxybenzaniine was given into the same artery the blood flow in the right hand almost doubled, without any appreciable change in the level of flow in the left hand.
RESULTS

Effect of Intra-Arterial
On repeating this concentration of levarterenol, the right hand exhibited little or no re duction in flow. In 7 tests with this dose of levarterenol the mean relative or percentage change of flow in the test hands was initially a decrease of 55 per cent. After the phenoxybenzamine injection, the mean change in flow with this same dose of levarterenol was only 4 per cent. The net vasoconstriction during these infusions of levarterenol, as measured by the volumetric reduction of flow, averaged initially 4.1 ml./ 100 ml. hand volume/min. and only 0.4 ml. after phenoxybenzamine. Thus the constrictor response in the hand to intra-arterial injection of levarterenol (0.125 /ng./min.) was virtually abolished after 1.2 nig. phenoxybenzamine had been infused into the corresponding brachial artery.
Intra-Arterial Levarterenol (0.5 fig./min.).
The first intra-arterial infusion of the larger dose of levarterenol profoundly reduced the circulation through the test hand in every subject, the average fall being from 9.0 to 2.3 ml./l00 nil. hand volume/min. (table 1, columns A and B). After the administration of phenoxybenzamine, the blood flow in the test hands rose to more than twice the original level, and when the second infusion of levarterenol was given, only a slight reduction in flow occurred (from 19.5 to 16.7 ml./ 100 ml./min., ("JIXSBTJRU, DUFF control hands, the net reduction in flow (B-E, table 1) in the test hands averaged 7.2 ml./ 100 ml./niin. with the first levarterenol infusion, and only 3.9 ml. with the second, after the phenoxvbenzamine infusion. Initially the mean percentage reluction in flow due to the levarterenol was 80 per cent, while that produced by the second dose of levarterenol (0.5 /•g./min.) was only 17 per cent (table 1. columns ( B -E ) / E per cent). Thus, after infusing phenoxybenzamine intra-artcially. the constrictor response-! to this concentration (0.5 /j.g./min.) of leva-terenol were greatly weakened but not abolished ( fig. 1 ).
Effect of Intra-Arterial Phenoxybenzamine on the Constrictor Eesponsc in the Hand lo Intravenous Levarterenol
Tn genera], the fir;t intravenous infusion of levarterenol (]0 ^g./min.) lowered the blood flow in both hands by about the same nmount. After phenoxybenzamine had been .
•riven into the right braehial artery, a second intravenous infusion of levarterenol had lit-(le or no effect on the blood flow in the right hand but reduced the flow in the left hand by about the same amount as before. The mean level of flow in the right hand had of course risen with the infusion of the blocking drug.
In 6 tests, the preliminary infusions of intravenous levarterenol reduced the mean flow in the test hands by 46 per cent and in the control hands by 55 per cent. After 1.2 mg. phenoxybenzamine had been infused into the right braehial artery the mean change in flow in the test hands during the second intravenous infusion of the sympathomimetic drug was only 4 per cent, whereas in the control hands the reduction in flow was much the same as before (58 per cent).
Thus the constrictor response to intravenous levarterenol was practically abolished in hands that had received phenoxybenzamine, but not in the control hands.
DISCUSSION
These experiments have demonstrated the effectiveness of intra-arterial injection of phenoxybenzainine in antagonizing constrictor effects of levarterenol in man. Inhibition of the latter in the hand was not, however, complete, for with the larger dose injected intra-arterially, the constrictor response, though greatly lessened, was not entirely abolished. Since the constrictor effect of the same concentration of epinephrine was completely abolished by intra-arterial phenoxj'benzaliiinc, 2 it might be concluded that this blocking agent is more effective against epineph- rine than it is against levarterenol. Normally, liowever, the latter aniine causes a greater reduction in mean vascular caliber in the hand than does the former. 7 One may therefore conclude that the blocking drug is at least as much an inhibitor of levarterenol as it is of eiipinephrinc. And indeed, in the cat, Nickci"son, Henry and Xomaguchi" found that phenoxybenzamine lessened the response of the nictitating membrane to levarterenol much more than it lessened the response to epinephrine, while the pressor response to levarterenol was blocked at least as effectively as the pressor response to epinephrine. Figure 2 shows that the resting-hand blood now initially averaged 0.5 nil. and fell to 2.3 nil. during the infusion of levarterenol, which indicates a net volumentric reduction in flow of 7.2 nil. After injection of phenoxybenzaliiine. when the resting level of flow had increased by about 11 ml. to a mean of 20.6 ml., levarterenol caused a reduction in flow of only 3.1 nil. Thus phenoxybenzamine influenced the net volumetric response to levarterenol as well as the relative or percentage vasoeonstriction. The results of individual tests showed further that there was no close relationship between the increase in hand flow caused by pheuoxybeuzamine and the subsequent weakening of the constrictor response to levarterenol. The inhibitory effect of pheiioxybeiixamine on vasoconstrictor response was therefore not direct!v determined bv the increase in vascular caliber caused by this blocking agent.
Tn view of the importance of levarterenol in sympathetic transmission," the influence of iVhenoxybeir'amine on sympathetic activity was also investigated. A study was made of the effects of stimuli that normally cause ina"ked reflex vasoconstriction in the hands, sncli as nnexneeted noise or the application of ice to the forehead. After nhenoxvbenzamine iniection these stimuli still evoked vasoconstrictor responses in both hands, but these were much less marked on the side previously infused with the blocking agent. Tn 5 tests, unexpected sensory stimuli caused an immediate and marked fall in flow in the control hands (from 14.1 ml. to onlv . ">. 2 ml./lOO ml./ min.), while at the same time the blood flow in hands previously infused with phenoxyben-/"mine was onlv slightly reduced (from 23 ml. to 19.7 ml./TOO ml./min.'). Tf levarterenol i: the effector substance released by the activity of svmoathetic constrictor nerves, it may be inferred from the results of these experiments that the effective amount released in response to the auditory and taftile stimuli was such as to produce a local concentration in the vascular bed of the hand that was equivalent to that obtained by introducing it into the brachial artery at a rate between 0.125 and 0.5 /ig.
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No doubt the dilater action of phenoxybenzamine depends to an important extent on an inhibitory effect on the sympathetic nervous system. 10 But this is not the sole factor, for vasodilation may be produced by intra-arterial phenoxybenzamine in extremities surgically deprived of their sympathetic nerves. 1 In th&se conditions vasodilation may be due to the inhibition of circulating epinephrine and levarterenol, or to some direct action of the drug on arteriolar muscle.
SUMMARY
In healthy adults the effects of phenoxybenzamine on peripheral vasoconstrietion produced by infused levarterenol and by sympathetic nervous activity have been assessed by a plethysmographic method. After the infusion of 1.2 mg. phenoxybenzamine into the braehial artery the constrictor responses in the corresponding hand to intra-arterial and intravenous levarterenol and to sympathetic stimuli were all considerably reduced. The physiologic and pharmaeologic implications of these findings are discussed.
